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Introduction
To measure atom concentrations by atomic resonance 
absorption or atomic fluoresence spectroscopy (APS) under 
rapidly changing conditions (as in a shock tube)' a high- 
intensity source of atomic radiation is needed in order to 
make the signal to noise ratio acceptable. The suppose of 
this paper is to discuss the operation of and cathode 
preparation for a newly marketed high intensity sov .« 
called a demountable cathode lamp (DCL) for possible use in 
this application. This spectral source was developed at 
CSIRO' Division of Chemical Physics in Melbourne' Australia' 
the group that gave the world the technique of atoaiie 
absorption spectroscopy (AASH1).
Types of Lamps - Hollow Cathode Lamp
The most commonly used lamp for conventional slow 
techniques of AAS is the hollow cathode lamp (HCL). The HCL 
provides a moderately intense source of sharp lines for most 
elements. However, the intensity is to low for elements 
whose resonance lines are below 200 nm (8, As, Se, P) to be 
useful for fast time-resolved analyses. Even for 
conventional APS and AAS through flames these atomic lines 
are strongly absorbed by atmospheric oxygen or by gases in 
the flame (1). HCL's are especially unsuitable for 
fluoresence studies which rqulre high Intensity sources.
The obvious way to incraasa tha output signal Iron a HCt 
would ba to ralsa tha discharge currant. However, 
conventional sealed-off tubas suffar to soma extant from 
self-reversal of tha resonance line because of a high 
concentration of unexcited atoialc vapor at the mouth of tha 
cathode which reabsorb emlUed radiation. Hence, tha 
discharga currant must ba limited to a value which is 
consistent with tha vapor pressure of tha atoms liberated 
from the cathode (i.e«, low for tha more volatile elements).
Electrodless discharge lamps
Electrodless discharge lamps (EDL) are more 
satisfactory for elements that have resonance lines below 
200 nm and for those of high volatility due to higher 
spectral output. BDL's have several limitations in that 
they are available for only eighteen elements, they suffer 
from long start-up times and have a tendency to drift. 
Finally, the EDL resonance lines have a tendency to 
sacrifice line-width for Intensity due to self-reversal when 
pushed for maximum intensity (1).
Th.rm.1 Qt.dl.nt Lamp
Another lamp that is being studied by Richard Paisley, 
University of Illinois, is the thermal gradient lamp 
(T6L)• This lamp was developed by D. 8. Gough and J. V.
3Sullivan (2). Thair studies of intensity and lina width 
measurement* have indicated that the TGL was significantly 
more intense than the EDL for atomic selenium emiaaion at 
the same line width. The TGL appears to be much more easily 
operated with constant Intensity output than either an BDL 
or a DCL and therefore may prove to be more suitable for 
fast kinetic studies involving selenium atoms.
Properties of a Selenium Demountable Cathode Lamp
Because of the accumulation of cool atomic vapor near 
the cathode* high lamp currents will not increase the line 
intensity (line broadening and self-absorption will 
occur). One way to overcome this problem is to remove these 
unexcited atomic vapors from the cathode area. In the 
demountable cathode lamp (DCL) that was studied a steady 
flow of argon through system is designed to enable the lamp 
to be used with cathodes of relatively volatile elements* 
such as selenium without the element being deposited on the 
exit window (Figure 1) or suffer serious self-reversal 
(3). The cathodes can be placed fairly close to the 
window. This method gives improvement in line intensity and 
line sharpness is retained (i.e., nonself-reversal) which is 
necessary for applications in AA8 or APS. The lamp has a 
large numerical apperature (large window) which makes it 
suitable for use in APS.
4Figure l. f diagraffi of demountable cathode lamp. 
d ' i wat*r-co°l*<l block, C, O-ring,
?' exit*nori P°rt for gaa;
H S I L K f J K  ga8' G ' common anode,« « - 1 Ji electron-emitting filament- cathode of booster discharge.
. . |
5
6Along with continuous flow of filler gas to sweep the 
excess atomic vapor away there is a water cooled jacket 
around the cathode. This will cool down the hot cathode so 
that a higher current can be applied to the lamp. Thus 
producing non-reversed lines of greater intensity than can 
be obtained in sealed lamps, one of the best features about 
the DCL is that homemade cathodes can be easily replaced or 
exchanged. This cuts back on investments for the sealed* 
off-type lamps which wear out as the cathode is depleted.
New cathodes can be prepared and exchanged in a very short 
period of time. When a new cathode is prepared it usually 
takes between 1 and 2 hours for the cathode to be 
conditioned and stabilise (10). This lamp has also 
particular utility in the analysis of powdered rocks or 
metals by atomic emission spectroscopy (AES) to determine 
what elements are present in the sample. The final major 
difference of the DCL besides the exchangeable cathodes and 
continuous flow system is that there are two electrical 
inputs to produce the atomic vapor and to excite it (i.e., a 
sputtering current plus a booster current). This allows the 
production of atomic vapor and excitation to be controlled 
independently (5,6).
7Filler Gas
The filler gas is usually one of the rare gases* Argon 
and neon are the two most commonly used* Filler gas is 
needed to support the discharge* Argon is the filler gas 
that should be used for resonance lines that are below 400 
run. Argon interferes with emission above 400 nm and up to 
500 nm (7)* The pressure of the filler gas# argon# was 
studied* The pressure should be between 1 and 2 torr* It 
seems that the optimum pressure becomes lower as the current 
increases* The cathode emission can be observed by looking 
at the reflection of the glow around the cathode in a 
mirror* In all experimental cases the relative intensity 
was greater at a pressure of 1 torr* At this pressure the 
imagine of the cathode was fussier than at 2 torr* This is 
explainable since the flow of argon is less at 1 torr so 
less of the sputtered material is swept away and more atoms 
are apparently excited* The unknown factor that arises is 
the same as with the EDL* s# whether or not the lamp 
sacrifices line-width for intensity due to self-reversal in 
a particular pressure range*
Cathode Preparation
This is a very important aspect in the lifetime and 
emission intensity of the DCL* The interchangeable cathodes 
are easily prepared by machining a cathode of the metal
8whose emission is desired. But many cathodes have to be 
made from materials that are not machinable (e.g. non- 
malluable materials such as selenium). For these materials 
of low mechanical strength (e.g. Pd, Cd, Sb, Se and Bl) it 
has been suggested that the metal be melted into a hollow 
cathode made of another material, such as aluminum for a 
support (8, 9, 10). Easily oxidised metals or very reactive 
species can be handled by placing an appropriate salt of the 
metal in a support cathode of any material, such as aluminum 
or graphite (11, 12). Another method that does not depend 
on the machinabllity of the element or its mechanical 
strength is to electroplate the material on the support. T. 
N. Niemczyk and J. P. Erspamer (8) have suggested brass as a 
good support cathode.
The case of making a selenium cathode has been somewhat 
different. Figure 2 and 3 shows the emission spectrum 
obtained from a commercial Sbg Se3 (antimony Selenide) 
cathode. As the spectra indicates this does not give good 
selenium emission lines of any significant intensity. 
Attempts have been made by myself to create a successful 
combination for a selenium cathode. Figure 4 shows the 
press for making cathodes for the DCL. Total mass of the 
cathodes is 1 gram. The cathodes are pressed from high- 
purity powder containing the appropriate elements. If the 
mechanical strength of the element is low, a supporting
9Figure 2. Emission spectrum of a commercial Sb.Se, 
with a copper backing. ‘ 3
Current >8.04 m.A.
Argon Pressure ■ 1.5 torr 
Monochromator slots - .15 mm
cathode
10
11
Figure 3
t
Emission spectrum of original 8b,Se, cathode from 8GE. * 3
Current - 12 mA
Argon Pressure - 2 torr
Monochromator Slots » .15 mm

Figure 4a. Cathode Press
Figure 4b. Cathode Press
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element such as copper or silver may be added. Such is the 
case with selenium. Attempts have been made with copper- 
selenium mixtures (Figure 5) and silver-selenium mixtures 
(Figure 6 and 7).
The major problem with trying to make a cathode of 
elemental selenium is its high vapor pressure and low 
mechanical strength. It had to be mixed with some support 
material such as copper or silver for strength. All 
attempts to make a useful copper-selenium cathode ended with 
the cathode cracking (11), This occurred when the entire 
cathode was a Cu/Se mixture or when only the tip was a Cu/Se 
mixture with a pure copper backing. The cathodes probably 
cracked due to vaporization of the selenium. Another 
possible reason for cracking is that the copper is a very 
fine powder and has an oxidized coating on its surface,
*nis could lower the mechanical strength of the cathode. 
Recommendations for new cathode preparation will be 
discussed in the recommendation section at the end of this 
report,
A new cathode should be operated for 1-2 hours to 
properly condition it to give a c ^nt emission
intensity. After the cathode has a ed for that period
of time the output is usually sto assuming the cathode 
has resisted cracking. Once con ned, the cathodes 
should be stored in sealed vials ? > desiccator to prevent
Mixture was .7g copper mixed with 
•3 g selenium
Figure 5a. Cu/Se mixture cathode.
Figure 5b. Cu/Se mixture cathode.

18
Figure 5c. Cu/6e mixture cathode.
19
Mixture was ,850g Silver mixed with
.50 g selenium
Figure 6a. Ag/<-e mixture cathode. (Unused)
Figure 6b. Ag/Se mixture cathode. (Unused)

Thia cathode waa uaed for 4 houra. 
Mixture waa .850g Silver mixed with 
.50? selenium.
Figure 7a. Ag/Se mixture cathode in a jacket.
Figure 7b. Ag/Se mixture cathode in a jacket.
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absorption of water. A warmup period of 15-20 minutes 
should be sufficient to get a stable emission intensity 
whenever the cathode is reintroduced into the lamp (10).
Figure 8 is a schematic drawing of the cathode 
holder. The holder is designed to sputter material only off 
ike surface of the cathode. After long periods of use with 
the same cathode the gap between the arrester and cathode 
may becosw filled with sputtered material. This effectively 
shorts out the DCL and it will not strike.
Construction of the DCL
Figure 9 is a schematic of the individual parts and 
assembly of the DCL. A cathode made from or containing the 
element or elements being determined* shaped In the form of 
a pellet (A)* is installed in the cathode holder (B) and 
screwed onto the water cooled support (C). A glass arrestor
J
(D) which constrains the discharge to the ara immediately in 
front of the cathode is slipped over the cathode and held in
Aplace with the *0" ring (E). A Teflon Insulator (F) 
encloses the rear of the arrestor* and a second ”0" ring (G) 
provides a vacuum seal when the assembly is inserted into 
the body of the lamp and held in place with the Insulated 
locking ring (H). Vacuum is applied at (J) and after 
pumping down to ensure that oxygen and moisture are removed*
Argon is admitted at (x) and maintained via the das Control
Figura 1. Diagram showing dataila of tha 
oathoda holdar,
A, cathodai B, water-coolad block; 
D, arraatar.
26
Figure 9. Schematic of DCL's parts and assembly*
■H
U
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Module at a pressure of from one to two TORR. Power (9V) 
for the Gas Control Module comes from the rear of the power 
supply.
A low current, high voltage discharge is struck between 
the filament CM) and the anode (N) and this excites the 
atoms sputtered off from the cathode by the sputtering 
current which may be modulated if required. The line 
spectrum is emitted through the silica window (0).
Experimental
The commercial DCL operates with a continuous stream of 
argon at a tank pressure of 200 kPa. In our apparatus the 
argon flows through a cold trap of dry ice to remove any 
moisture. Table 1 lists the allowble levels of Impurities 
that the argon must meet for the DCL to operate properly.
If the present system is left unused, the argon should be 
flowing through the cold trap and lamp for at least 12 hours 
minimum before attempting to strike the lamp. A more 
effective method will be explained in the recommendation 
section. Also, when changing cathodes air should be 
prevented from contaminating the lanthium hexaboride coated 
filament by flowing argon through the lamp at atmospheric 
pressure. The vacuum pump valve should be closed to prevent 
air from being drawn into the lamp. This operation keeps 
the interior of the lamp continually flushed with argon so
30
Table 1. Argon Purity Standards for Successful Operation 
of the DCL
HjO < 10 ppm
H2 < 1 ppm
°2 < 6 ppm
N2 < 30 ppm
C02 < 5 ppm
CO < 1 ppm
Hydrocarbons is.
CH4 < 1 ppm
and of these, the water and 
hydrogen are most critical.
the cathode may be changed* If tlMi filament is expeiM to 
moisture or air, it easily becomes poi cloned and becomes 
very brittle* Thus, the lifetime of the filament is 
severely reduced*
p«t« fritktli infl mmif
I began this study by observing the effects of pressure 
and current on the emission from a pure copper cathode* M e  
copper cathode gave much more Intense stomic emission than 
any selenium mixture that was made* This was expected since 
the cathode was made from pure copper rather than a mixture 
of materials* rigurs 10 shows sn emission spectrum from s 
commercial copper cathode supplied by Sclentifie Glass 
Engineering (SGI)* rigurs 11 is an amission spectrum of s 
copper cathode that was producsd by myself* Thsse figurss 
show grsst simularitiee axcapt for their relative 
intensities* The DCL saems to work graat for nonvolatile 
elements* Sines copper ie not a vary soft matal, compared 
to Selenium, the DCL must be operated at a slightly higher 
sputtering current (approximately 16*20 mi11lamp*) in order 
to volatilise it* Figure 12 indicates how the relative 
intensity increases with currant* Ths amission became 
unstable and flickered badly above 25 mllliamps which 
indicates the upper current limit for a copper cathode* 
Figure 13 indicates that there is a higher relative
32
Figure 10. Emission spactra of coamarcial ooppar cmthoOa.
Scan rang* was 2600 A - 4000 A 
Currant - 14 a*.
Argon Pressure - 1.5 torr 
Monochromator Slits • , 1 m
13
, 275
282.4 run
• 260
324.75 nm 
327.4 nm
4
I
365 nm
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Figure 11. Emission Spectrum of Homemade Copper Cathode.
Scan from 3500 A - 1960 A 
Current - 17 mA 
Argon Pressure - 1.3 torr 
Monochromator slits - .05 mm
190 nm
35
>
200 nm
i
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Figure 12. Homemade Copper Cathode Effect* on relative 
intensity with changing current.
Current ■ varies
Argon Pressure ■ 1.1 torr
Monochromator Slits * .05 mm
0  = 324.75 nm resonance line 
327.31 m  resonance line
Notes Became unstable above 21 mi 11lamps
current (mi1 1lamps)
Re
la
ti
ve
 i
nt
en
si
ty
 
(c
m)
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Figure 13. Homemade Copper cathode. Effects on relative 
intensity with changing pressure.
Current « 17 mA
Argon Pressure * varies
Monochromator slits * .05 mm
O  = 324.75 nm resonance line 
£1 = 327.39 nm resonance line
.4 1.6
Pressure (torr)
Re
la
ti
ve
 I
nt
en
si
ty
 
(c
m)
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intensity for argon pres3ures of 1 torr than for 2 torr.
This can be very deceiving because undesirable line*»tvidth 
broadening could accompany the increase in intensity* At 
the lower pressure of argon the cathode discharge appears 
fuzzier which means that there is more atomic vapor around 
the cathode. This situation can lead to self-reversal.
The next study involved a 22.2 percent mixture of 
selenium with Copper as a support material. This particular 
cathode lasted 6 hours before it cracked and became 
unusable. Here again# figure 14 shows the same trend as the 
pure copper cathode did. As the current increased, the 
relative intensity of the selenium lines also increased.
This experiment indicates that a selenium cathode should be 
operated between 7 and 10 mllliamps. The emission from the 
selenium-copper cathode became unstable above 11  
mllliamps. This cathode showed the same trend with pressure 
on relative intensity (Figure 15). Again, there might be an 
increase in line-width that could accompany the increased 
intensity.
The final study was conducted on a commercial antomony 
selenide cathode ^ 2803) from 8GI (we were originally told 
that this cathode was made from Ag2Se. This discrepancy 
will be cleared up after communications have been established 
with Trevor Norris in Australia) (See Fig. 16). This sl^ Miy 
was a time study to see how stable the cathode would be. It
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Figure 14. Homemade Cu/Se mixture cathode. Effect* on 
relative Intensity with changing current.
• 2g Se mixed with • 7g Copper 
Current « varies 
Argon Pressure * 1.1 torr 
Monochrometer slits * .2 mm
0 196.0 nm
a 204.1 nm
0 206.4 nm
D 207.5 nm
Notet Became unstable above 11 milllamps
B 90 42
>80
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Figure 15. Homemade Cu/Se mixture cathode effect* on relative 
intensity with changing pressure.
.2g Selenium mixed with .7g Copper 
Current - 5.0 mA 
Argon Pressure => varies 
Monochromator Slits • .2 mm
O  196.0 nm 
0 204.1 nm 
0 206.4 nm 
D 207.5 nm
Re
la
ti
ve
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 (
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Figure 16. Time study with Ag-Se commercial cathode.
Current ■ 9.0 milliamps 
Argon Preeeure » 1.1 torr 
Monochromator slits ■ .1 n
Motet Power supply failed after 5 hours con­
tinuous use.
Q  196 nm
'  ?■. i|s ;
46Q
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required about 1 1/2 hours for the cathode emission to 
stabilise. For the next 4 hours the leap output stayed 
surprisingly stable. Unfortunately, the commercial power 
supply fro* 8GB became very hot and failed terminating the 
tests (unlike their later model power supplies, it has 
insufficient cooling).
Comparing the SbjSej cathode to the copper-seleniua 
cathode the Sb2Se3 cathode appears to produce a higher 
intensity. The mission from the Sb28e3 cathode stabilised 
at an emission Intensity for selenium 196 run mission which 
was somewhat greater than was found for the copper-selenium 
cathode. Also, the Sb28e3 cathode appears to be more 
mechanically stable since it contains a compound of selenium 
which is less volatile than elemental selenium. As was 
mentioned earlier, the copper-selenium cathodes cracked 
probably due to the high vapor pressure of selenium (11).
We have compared the output of the DCL with a 8b28e3 
cathode with that of a selenium BDi.. A time study was 
conduoted for 3 hours mi a selenium EDL. These studies will 
be presented in Richard paisley's 8.8. Thesis (13). Hie Mil. 
was run under two sets of conditions. The first condition 
had no air flowing over the EDL to keep it cool. When 
operated this way its emission had a deep blue color. Under 
identical conditions as the DCL's time study the 801 
produced a greater relative intensity (about 2 1/2 times
more) for the selenium X96 nm emission. But, this could be 
a false reason for choice of the EDL over the DCL since 
EDL's are known to go into self-reversal when pushed for 
high intensity,
Next, a cooling stream of air was blown over the EDL# 
Under these conditions the emission appeared pink# A time 
study was conducted for 3 hours# In this case the relative 
intensity of the Selenium 196 nm emission was 2 1/2 times 
more intense than when it was run without cooling (i#e#, 
appeared deep blue alone)# Again relative intensity alone 
can be decievlng as a criteria for choice of a lamp or its 
desired operating conditions# Some indications of line- 
width is necessary*
Studies are in the process for running atomic 
absorption flame studies to obtain values of y for a 
modified seer's Law expression
A « e (bc)Y
which relates absorbance to concentration# If y approaches 
the value of one then it is suggamted that the atomic 
emission from the lamp is narrower than the absorption of 
the species In the f’ame# 111180100 line-wiOfch broadening 
from the lamp should mate Y appraaoh seem* Thetefooe# we 
w eirs® '' — **™ ^  sw apsnsps
indication of operating conditions which eau^s the lamp to 
go into seif-reversal*
We are also in the process of studying the suitability 
of a TGL supplied by SGE as a selenium atomic line source* 
These lamps can only be used to produce emissions for the 
more volatile elements such as selenium* The TGL seems to 
produce a very stable emission for the selenium 1M  nm line 
which is about 20 times as intense as we found using the DCL 
with the Sb£Se3 cathode supplied by SGE* It is also much 
easier to operate than the DCL since it is in a sealed lamp 
whereas the DCL requires a continual flow of argon*
We hope to also Include the TGL along with the DCL and 
EDL in our study of lins^width to help decide on the best 
source to use for the shock tube stales* the results of 
these studies and more about the behavior of the TGL are to 
appear in Richard Paisley*s B*S. Thesis (13)•
Conclusion
In the limited time that the DCL wee studied# I feel It 
has many potentials aa a useful source for AAS and APS• The 
DCL seems to be a good spectral source for non-volatile 
elements but has several disadvantage* for relatively 
volatile elements like selenium. How*v*r, the lamp 1* so 
difficult to operate a* compared to the TGL or SDL that 
ii#l**i it proves to be superior in respect to line-width *
do not recommend ite use for our future shook tube 
studies. As it stands. the DCL is a very tempermental lamp 
and condltlona must be just right for it to produce light at 
all. More time has been spent unsuccessfully trying to get 
the lamp to work correctly than the useful operation time 
that we have had. Often the DCL's filament proved to 
fail. However, we believe that the lamp could be modified 
to Improve its reliability, we list several recommended 
changes for the DCL. No definite conclusions can be drawn 
on which is a better spectral source as of yet. but the 
studies are continuing.
1. Experiment with various cathode mixturea (e.g. 
AgjSe, 8b2Se3>. Ag2Be can be made by heating stoichiometric 
amounts of silver and eelenlum at 800*C in an evacuated 
silica ampule for several hours.
2. Try using a Nickle or copper cathode with a hole 
drilled in the center of it to form a cup. Then, under 
vacuum, fill the cavity with molten selenium* This can also 
be attempted with a eelenide compound.
3. Make a cathode from spectroscopic grade graphite 
and soak it in molten selenitp or a some salt of soleniwo.
4. Do not run the sputtering current above 10 
nilllamps. Selenium cathodes become unstable above 10 
mi11lamps.
5. Remachine the DCL so the argon flows over the 
filament and not over the anode. This -'ill prevent any 
contaminate sputtered off the cathode from being deposited 
on the filament.
6. Plow the argon through an a' j tube heated to 
600*C that contains titanium turnings. This will remove 
virtually all the contamlnets in the argon whi*h may poison 
the lanthium hexaboride (LaB).
7. Talk with Mr. Nicholas Vascos* Materials
Technologist in the Coordinated Science lab at the 
University of Illinois. (He is a specialist on 
filaments). Have him manufacture some filaments that could 
possibly have a longer life-time.
8. Conduct the A.A.s. flame studies to obtain the
modified Beer's Law parameters as stated earlier. The value 
of should give an indication of how much self-reversal is 
obtained.
9. When changing a cathode the argon pressure should
be turned up to atmospheric pressure* m e n  close the vacuum 
pump valve and open the lamp. This will keep the interior 
of the lamp flooded with argon and therefore keep the
filament trm belt* pai«toned hy the
■rlSf;?
* ... .liil
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